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<57) Abstract 



This invention describes a method and a dev.ee for self-contained power supply of electronic svstems bv conversion of encrcv irom 
non-eicctric sources into electric energy by means of charge generators. Charee generators used m such devices mav be piezoelectric or 
isoelectric elements or radioactive sources of charged particles which, unlike traditional electric supplv sources, do not require periodical 
replacement or recharging. When a charge generator I ! ) ts activated, it generates a series of electrical charges a bavins a hith electric 
potential bin which arc inputted in the charge energy converter < 2). The convener < 2) is used to increase the initial value a of the charees up 
to a value Q and simultaneously to reduce their potential to a value Uout which is lower tnan Urn. An electric cnaree accumulator (3) 
arranged at the output of the device accumulates the cnarges Q resulting from conversion and which are used to suppiv electronic svstems 
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✓ecpepaT 



HwopereHiic othochtch k cnocooy u ycrpoficTBy. ooccncHMBaiouiHM aaTOHOMHoe 
n htshmc 3-ieK-rpoHHbix chctcm nocpencTBovi npeoopa30BaHit» 3 H eprmi hctohhmkob 
HC3,ieKTpiiMec*ofl npHpoaw b iJiekTpiiHecicyio 3Hepniio c noMOuibK) reHcpaTOpoB 3apaaa. B 
KasecTBe reHepaTopoB 3apaaa ana t3kmx vctpohctb moht ncno.iwoBaTca nbe303-ieMeHTbi. 
rpnoo3.ieMeHTbi, a TaK*e paanoakTHBHbie hctomhhkm 3apsvKeHHbix MacTnu, He Tpe6ytowne 
nepnoaiiMecKofi 3aMeHbt v\nw noa3ap*aKn, b cnvniHHe ot TpaiiMUHOHHbix hctohhmkob 
3.ieicrpimecKoro run-amia. rajibBamiHecKHX oaiapert Ffpit aicniBimiiMH reHepaTopa (1) 
3apaaa oh BbipaoaTbiBaer nopuwo 3.ieKTpnHecKifx 3apaaoB q c bwcokmm 3.ieKTpnsecKKM 
noTeHunanoM Uin. KOTopa* nocrvnaer Ha bxoj npeo6pa30BaTejui (2) 3HeprnH 3ap*aoB 
Ovhkuiw npeoopa30BaTe-i» (2) escape* k VBe/umeHHK> hcxojhom BejumttHbi 3ap*aoB q no 
bcimh iiHbi 0 c o^HOBpeMeHHbiM pioh MvKeHHCM hx noTeHuuana ao BejiHMMHbi Uout, MeHbLUefl 
no cpaBHCHitto Uin iia HaKorLnemta no.iyneHHbix b peiy.ibTaTe npeoopaaoBamia 3apaaoB Q. 
TpeoyeMwx ai* mrraH hh 3.iesrpoHHbtx cncTe\i. Ha Bbixoae ycrpoHCTBa vcTaHOB-ieH 
riaKomrrejib (3) 3jieKrpnHecKnx 3apaaoB 



HC KJIKRHTE JIbHO JJIfl UEJIEft HHOOPMAUHH 

Koabt, HcnoowyeMwe nun oooaHanemw cTpaH-H.ieHOB PCT na thtvjTs Hi>tx .incTax opounop. b kotopwx nyo.™- 
kvtotch MexyiyHapojiHtie zzrbkh a c ootb eTCTB vm c PCT. 
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CDOCOB QUTAHHLR J.IEKTPOHHblX CUCTEM 
H VCTPOHCTBOiUW EfO OCyiUECTBJlEHiW 



OOjiacm* mexHUKU. 

H3o6pereHHe othochtc* k cpeacrBaM aeroHOMHoro nHxaHH* a^KipoHHux cHcreM. b 

HaCTHOCTH, K CHOCOOy H yCTpOMCTBy OX* nVTSHH* MHKp03neKTpOHHbIX cxeM 

ripeduiecmayiomuu ypoeenb mexHUKU. 

B Hacroawee speM* pa3B«™e MHKposjieiopoHHKH npiuejio k TOMy, hto nmnnw, 
He KO Topb.x (HanpHMep. KMOU) 3 iieinpoMMb.x MiixpocxeM. BbinoAHJiwuHx HeooiibuiKe 
ooteMbi BbiMHCJieHMfi, rpeoyerca xpaHHe vtajioe kojiumcctbo 3/ieKTpHHecKOH 3H eprHH an* kx 
nHTa Ht « rioDTOMy npeanpHHKMawTca nonbrrKH ooecnemrrb aaxoHOMHoe ajieinpiiMecKoe 
mrram,e raxwx MHKpocxeM, HanpHMep. c ncno/.b30BaHHeM BcrpaHaaeMbrx b hx xopnyc 
MMKporaoapMTHbix rajibBaHMsecKMx mctomhhkob mrraHHa. 

HeaocraTKOM Taxoro ycrpoHCTBa hb^ctcji orpaHHueHMbiH c P ok cjry*6bi 
rajibBaHHMecKoro HCTOMHHKa. 

B cbmh c 3thm, npHBJiexaTeJibHbj nonbrrKH OTxaaaTbca ot HeaonroBeHHbrx 
ra.ibBaHHHecKHX hctohhhkob nmwH* h Hcno/ib30BaTb ajw no/iyHeHHa Heoo.ibiuoR nopuHH 
3JieiopnMecKoro sapaaa, aocraTOHHOH ajw xpaTKOBpeMeHHoro riHTaHHM ojieiopoHHOH 
:o cHcreMw. Majiora6ap»rr H we ycTpoiicTBa, npeoopiuyiouiHe r.HeprHw hctohhhkob 
HeDJieicrpHsecKOH npHpoaw b 3/ieKTpn' ecKyw 

tbaecTMbi, k npMMepy, cnoco6 h ycrpoMCTBO oju nHTaHH* sjieicrpoHHOM CMCreMbi 
nocpeacTBOM HHayxiwoHHoro reHepaTopa, nocrpoeHHoro Ha uiarosoM aBHraTe/ie (naTeHT 
CIIIA to 5061923. kji. H 04 Q 9/00, 1991). B rrow ycrpoHCTBe nirraHH* sjicapoHHofi 
CHcreMw Hcno^uyerCH MexaHHnecxoe BpaweHne poropa ynoMJJHyroro aBHraTejw, Koropoe 
noaBojwer HHjyimpoBarb Ha Bbixoae o6motkh cra-ropa 3Jie.KTpHHecKoe HanpiwceHHe, 
aocraTOHHoe Ana nnraHHa 3JiexTpoHHOH CHcreMbi J\nx pjua ycrpoHCTB 3T h MexaHHHecime 
aBH^eHtu Hcyao6Hbi, pasHO km cpasHm-ejibHo 6ojibmHe raoapHTbi h BbicoKaa ctohmoctj. 
aBHrarejui, Koropbie orp&HHHHB&iOT npHMCHeHHC Taxoro Bnaa hctohhhkob nHTaHtw 

H38ecTHbi Taicxe cnocoo h ycrpoitCTBO aju reHepHpoBaHHA tokobwx wMny/ibcoB ajw 
axTHBauHH CBeTO-Hxiryiaioiuero anoaa (nrreHT CIIIA M24595864. kji. H05B 37/02, 1986). B 
ynoMaHyroM ycrpoHCTBe yaapHoe MexaHHHecxoe B03AeHCT8He Ha nbe303/ieMenT npowaoiiHT 
HMnyjibc TOKa, Koropbrii nocpeacTBOM HMny/ibCHoro TpaHapopMa-ropa npeoopaayercji b 

JIHCT B3AMEK i!3 bHTOIX) (IIPABHJIO 26) 
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HMiry.ibc roKa, Hcooxo^Mbirt ^ aicTMBimuHM ceero-HS-n-Maiouicro anoaa 3 3 tom 

35 ycrpoHCTBe HMnynbCHufi xpaHC^opMaxop, b decree eitHHCTBeHHoro 3.ieMe*ra cxeMbi, 
c^:ht eoriwcywiuHM djicmcktom, HeooxonHMbiM ojw ooecneneHH* 3^e.aHBHoro 
npoxoaaieHH* TOKOsoro HMny.ibca or nwaoajieMefrra c bmcokhm buxoahum HMneaancoM k 
CB€T0-H3JTVHaK)meNfy aHOiiy c hh3khm BxonHbiM HMnenaHCOM. OziHaKO, vmecrwe peuieHHe 
He npejufuiwieHO am HaKoruieHH* 3/ieicrpHHecKOH 3HeprHH, npoH3BOAHMOH 

40 nbe303^eMeHTOM t hcooxoshmoh ;uu craomibHoro nmzHH* 3JieKTpoHHbrx CHcrem 

HaHOOJiee 6jih3khm k H3o6pereHMK) aBJiaerca cnocoo nHTaHRs 3iiexrpoHHOH 
CHcreMw, cocrojii0MH b npeoopasoBaHHH He3JieKrpHHecKOH 3HeprHH b 3JieirrpHMecKyio 
3HeprHK) h HaKoruieHMH xiejopHMecKHx 3apaaoB, ntrrawtUHx ajierrpoHHyio cucreMy ( 3 a*BKa 
EriB * 0725452, kji. H 01 L 41/113, 1996) YcrpoHCTBO om nnraHK* 3/ie.apoHHOH 

-15 CHcreMw, pcnn3>Toujee vKasaHHbnl cnocoo, coaepacKT reHepaTop 3jieKTpnHeci«fx lapwoB, 
»cno-ib3\ToujHH nbe303.ieKTpHMecKoe npeoopaaoBamte MexaHHHecKofi OHeprnw b 
3JieKrpnHecKy»o 3HeprHK», h HaKomrre-ib 3neicTpMHecKHx 3ap«aoB, bwxoa KOToporo aBiiaeTca 
BbrxoaoM ycrpoHCTBa. 

OnnaKO H3BecrHbie cnocoo h ycrpoHCTBO Mara 3<J)4>eKTHBHbi xix nHxaHH* 

50 3^eiapoHHbix CHO-eM. 3ro ooycjioBJieHo TeM, 4T0 nbe303neMeHTbt, b othmmhc ot 
rajibBaHHMecKwx hctohhhkob hjih HHjiyKUHOHHbrx reHepaTopoB, He *bjuk>tcs iiCTOHHHicaMH 
3^eicrpoiiBH)KyuiHx cun (noTeHunajiOB), a aBjUKrrca reHepaTopaMH 3;ieKTpHMecjcoro 3ap»aa 
npHMCM BejiHHHHa nopuHH npoH3BOflMMoro nbe303iieMeHT0M 3ap*aa, onpeae.iaeTc* 

O^HOKpaTHblM BK«dJHHM MexaHHHeCKHM BOSiieHCTBHeM, a 3JieKTpHMeCKH» nOTCHUHa-l, 

55 B03HH*cajouiHM Ha Bbrxoae Taxoro reHepaTopa 3apana npjiMo nponopunoHa^eH Be/imuHe 
ynoManyroro 3apjua h oopaTHO nponopuHOHajieH Be/iHHHHe BbrxoaHOH cmkocth reHepaTopa 
B MacTHocTM, nbe303/ieMeHTw nosBOJuuoT nojiynaTb Heooiibiune no BejiHMHHe 3apjubi c 

OMeHb BblCOKMM 3JieKTpHHeCKHM nOTCHUHaJlOM, nOpJUlKa HeCKOJIbKHX TUCSm BOilbT 
HcnOJ1b308aHHe CTOilb BbiCOKOBOJlbTHOrO MCTOMHMKa ZUW npJIMOfO nHTaHH* HH3KOBOJlbTHbCX 
60 3JieKTpOHHbDC CHCTeM, T3KKX KaK, HanpHMep, MHKp03JieKTpOHHWe CXeMW HCB03MOHCHO 

HenocpeziCTBeHHoe npHcoejWHeHHe k nbe303JieMeHTy 6y<|)4>epH0H Harpy30HHon 
3JieicrpHMecKOH eMKocTH c uejibK) HaKoruieHim Ha Heft 3apana, HeooxoaHMoro mw nHTaHH* 

HH3KOBOJ1bTHOH 3JieKTpOHHOH CHCTeMbl, He 34>(|>eiCTHBHO, T K. OflHOKpaTHO npOH3BOZlHMa* 

nbe3O3iieMeKT0M nopuaa 3apjua oneHb Majia h tcm caMbiM ana HaxoruieHH^ oojibiuero 
65 3apaaa Tpeoyerca MHoroKpaxHoe h cooTBercBeHHO zuiHTejibHoe no BpeMeHH MexaHHHecxoe 
B03iieHCTBHe Ha nb€303iieMeHT, T.e. MHoroHHcneHHbie MexaHH^ecKHe Haacarvu hjih yzxapbi no 

JIHCT B3AMEH H3T>HTOrO (nPABHJIO 26) 
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hcmv { hto coocTBeHHO h peajunyerca 3 MexamuMc ycrpoHcraa no 3a*8Ke EHB \ 9 07:545;. 
kjv HOI L 41/1 13, 1996). 



70 PacKpumue U3o6pemenujL 

3anaHeH n3o6pereHH* aBJiserca cosaaHHe cnocooa h ycrpoHCTBa nHraHH* 
3^e^rpoHHbDc CHcreM, no3BOJWKDmnx 3HaHKre:ibH0 noBbicim, 3 <M>eicniBHocrb hctomhhkob 
3^e,apHHecKoro rwraKiu. wnomwHux na ocHoee ycrpoficrB mi* npeo6pa30BaHH* 
3HeprMH, BbtpaoaTbiBaeMOM McroMHMicaMM 3Hepr H H He3JieKTpHMecKOH npHpoaw, b 

75 3JieKTpHMeCKVTO 3HeprHK). 

Ajia rroro b cnocooe nirraHHn 3^eiopoHHOH chctcmw, cocToameM b npeoopasoBaHHH 
He3JieiopHMecKOH 3HeprHM a 3-ie»opHMecKy>o 3Heprmo h HaKorueHmi HeooxoiiHMoro 

KOJlHMCCTBa 3-ieKTpHMeCKWX 3ap*HOB P<\* riHTaHRfl 3neKTpOHHbIX CHCTeM, B COOTBerCTBHM c 

H306pereHMCM npeoopa30BaHHe Hea/ieicipMHecKoii 3Hepr H H b 3jieiopn4ecK>To 3HepniK> 
so ocywccTBJUioT nocpeacrBOM reHepauMH xicicrpHHccicMx 3ap»soB c bmcokhm 3,ieiopHMecKHM 
noTeHUHaaoM, npcoopaaoBaHHeM 3HeprHH nonyMCHHbix 3apiuiOB. conpoBoauajouiHMca 
yBejiHneHHeM KOJiimecrBa 3JieiopHMecKwx 3apjmo B m noHH*eHHe M kx 3JieKrpHMecicoro 
noreHUHaaa, c nocjieuywuiHM kx HaicoruieHHeM Ha Bbixoae ynoNWHyroro HcroMHHKa 
mrraHKH, jxax nHTaHK* 3/ieiopoHHOH CHcreMbi. 
85 FIpeo6pa30BaHMe HC3jieKTpHHecKOH 3HeprnH, b nacTHocTH, MexaHHMecKofi 3Heprwn e 

3HeprHIO 3JieKTpMHCCKMX 3apHilUB C BblCUKMM JJICKTpMMCCKMM nOTeHUH<L10M MO*trf Obt l b 

Bbino^HeHO nocpeactBOM nbC303JieKrpHMecKoro hjih TpnoosaeicrpHMecKoro 
npeoopaaoBaHHx. 

ripHBneKaTWbHO TaioKe Hcno;ib30BaHHe b KanecTBe 3 apjtaoB c bmcokhm 

90 3 J ieiCTpHMeCKMM nOTCHUHBJIOM BblCOK03HepreTHHeCKHX 3ap»^ceHHbIX MaCTHU, B03HHKaK)tUHX B 

pesyjibrare panHoaicrHBHoro pacnaaa BewecTBa. 

YcTpoHCTBo, ocymecTBajuomee Taicow cnocoo nnT3HHfl 3JieKrrpoHHbK chctcm, 
coaepttawee reHeparop 3 ;ieicTpHHecKHx 3 apJuoB, npeoopa3yiotuHH 3HeprHK> HcroMHHKa 

HeOJlCKTpMHCCKOM flpHpOflbl B 3Jiein"pMHeCKytO 3MeprMJO 3ap«ilOB C BblCOKMM 3 J1C KTp M M CC KHM 

95 noreHUHaaoM h HaKomrreiib 3JieiapKvecKHX 3 apjmoB t b cootbctcbhh c n3oopeTeHHeM 
aonoJiHHTejibHo coaep*HT npeo6pa30Barenb 3HeprwH 3tkx 3 apjuoB, Bxoa Kotoporo 
noaiunoMeH k Bwxony reHeparopa 3ap*aoB, a Bwxoa ynoMJiHyroro npeoopasoBarejw 
noBioiJOMeH ko Bxony HaKonHTe-ia sneKTpHMecKHx 3apanoB, buxoa xoToporo aB/weTca 
buxojqom ycTpoHCTBa. ripw 3tom npeoopa30BaTe.nb 3Hepr«H 3apjuoB BbmonHCH c 

JIHCT B3AMEH H3T>HTOrO (nPABHJIO 26) 
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B03M0*H0CTbK> VBClMHeHIW KO.lHHeCTBa HCXOaHblX 3.ieKTp H MCCKMX ^n. 

Ha ero axoa or renepaxupa 3ap,uoB. „ noHiisKCHiu m 3MKr?M9cmn noxeHUHa»ia " 

ripHHUHnmnbHyio so3Mo^ocr b .octh^hh, BbituevKajaHHoro rexHHHec.oro 
P e3y*bxaxa mo*ho no**™ hcxo*. « vcobh* ce 6 IOmM aaKOHa coxpaHeHH* 3„epr H H 
a» cooxBexcBVK^ero ^oopereHHK, npeo6 P a3o B aHH* sjickxphmcckoh 3„eprHH. Koropoe b 
h^hom BHje * wmr Kaic q-Uta-Q-Uoot rae q „ Uin cooxbcxctbchho 3ap W M ero 
noTeHUHaji na Bxo.e np^OBaxeu, 3H eprHH 3a P *K>B. a Q h Uout cootbctctbchho 3a P « 
h noremiHu Ha Bbrxoae ynoM.Hy.oro npeoop.osax^ Hcxo*, „ 3xoro ycjioBtu mo*„ 0 
oueHHXb. ™ x-™ y^HMe^ .vmho^hh*) KOJiHMecTBa 3ap* fl0B H a B «co« 
npeoopaaoBaxe^ 3HeprHH 3ap*K> B . T.e. ycosHi Q>q, „eo6conMMo. htoou noxeHuna, 
»a Bxoae vnoM*Hyroro np^osaxe^ Uin npesb.uia. noxe H u H an »a ero Bbrxoae Uoul 
VcoBne Ui„>Uout B ec b Ma ne«o pea^yer*. rexHwecKM. nx^wcy noreHu HM 3 a PW0B 
npo M -38oaHM W x reHeparopaMH ^ TaKH x. „a„ pMM ep. Ka K r^o^e.MeHXb, m*h 
TpH^eMenru. oopaTHO nponopuHOHweH coccxaeHHof, >uh Harpoon cmkocth h 
mo* CT a ocx„raxb „ec K0 ,«Hx t««m bo^t. b xo speM, noxeHUHa,, neooxoaHMb,* an, 
nHxaHmi 3ne,crpoH„brx cwcreM. b nacxHocTH MHKposjieKxpoHHbfx cxe M . cocra^ex acero 
HecKOjibKO ejHHHu Bo.bx. ^^..BHocxb npouecca vmho^hh, icojiHMecxBa ,. PM0 . oyaer 
onpeaeimen WW vxio^Hyxoro npeoopaaoBaxe™ no oxholuchhjo k npoueccv nepeHoca 
3i l e,opH4ecKOH .HeprM.t HcxoAHoro 3ap*aa co axoaa np e o6 P a3o B axe^ «a ero Bb.xo/z 

HaKoimrwb 3ne«pHMecKHx 3a pS uo B b vk^hhom ycipoftcrae Moacex 6„.Tb 
Bbino^HeH b suae sjieicxpHwecKoro KoaaeHcaxopa 

B oaHOM H 3 BapnamoB Bb.no/iHeHw. ycxpoficxBa a.™ nvrraHm, 3. 1 errpoHH M x CHcxev,. 
npeo6pa3o B aTe.i„ 3HeprH H 3ap > moB Bbmo^eH b Bnae noHHacawmero xpaHc^opMaxopa. 
nepBHMHW ofeonci Koroporo couHHeiia c BbocoaoM re H e P aTo P a 3nei<xpHvecKwx 3ap M oB, a 
trropHMHaji ooMoxKa nepea BbinpiMHTenb coeaHHeHa c HaiconirrejieM 3JieKxpHMecicnx 3 ap«oB 
TaKofi npeoepooMTejib 3<JxpeicTH B eH, Kora re H e P axo P 3ap5UI a n P OH3 B oa>n- KopoxKHe 
BbicoKosHepreTHiecKMe KMnyjibcw xoKa 

B apyroM aapHaifre BunojineHjm ycrpoficTBa zm mothm 3iieKrpoHHbnc chctcm, 
npeofipaaosareAb 3HepmH 3 apw 0B BunojiHeH b BMe nojiynpoBoaHHKoaoro 
tipeo6 P a3o B axe^, Bxoanw oojiacxb Koroporo, noamiioHeHHU k Bbixoay renepaxopa 
3MiopHMecKMx sapwoB, oopasoBaHa no^ynpoBoaHHKOBOii cxpyvxypofl, npeaHaaHawcHHofl 
am HaKoruieHH* 3 a pJ uo B or reHepaxopa 3iieiopHHecKMx 3 ap*ao B h ^opmhpomhhj. npouecca 
iiaBHHHoro npoooa n P H npeBbiuieHHH noporoaoro Hanpa^eHmi Ha no/rynpoBOUHHKOBOH 
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crpv-Kiype. a BbrxoaHa, o6,acr b no.TynpoBoaHHKo.oro npeoopuo.^, oooasosaHa 
ooaac™ p^hh, h HaKon.neHH, .tophmhboc 3ap„aoB. oopaavK^xc* a pe^e 
.laBHHHoro rrpooo,. h coeaHHena nepea sunpt^^ c „ aKOnHTe , eM 3 , errp(Pieciaix 
3a P „aoB BxoflHaa ooaacrb noaynpoBoaaHKOBoro npeoop^OBa™, M o*er out. o6pa3o BaH a 
pa3JiHMHbiMH crpyvrypaMH, Hanp H MC P . oopaTHocMemeHHWM p-n-nepexoaoM, apyrHMH 
BRnaMH flHOfl Hux crpy.oyp, a TacKe TpaHSHcropHofi, anoo th P hcto P h 0 h crpvavpoH 
kotopmc ovayr ooccnesHBaTb 6o.ee pea^fl npouecc «.HHHoro vmhohcchrh 3ae,np.n«c»a 

40 lapflflOB. 

npeoopaaoBmjib 3Heprm. 3ap*ao B . Mo^cer 6brn> rzxxt Bb.noa H eH b BHae oarapeH 
KOHaeHcaropoB. cHaoacenHofi KOMMyrauHOHHUM ycrpoHCTBOM, npeaHaaHaneHHUM an, 
nepemiiOMeHHi. KOHaencaropoB c nocaeaoBareabHoro coeaHHeHim. HeooxoaHMoro oa* 
HaKonjieHHji 3ap*aoB ot reHepaiopa 3 ap„aoB. Ha nocieaywiuee napaaaeabnoe coeanweHHe. 
4J nosBo^wuiee no^u.rrb noremiMaa 3ap„aoB na abrxoae npeoopaaoaa™, H np„ 3TO m b 
noiiHofl Mepe wcnoauoBaTb Becb 3apw, HaKoiuieHHufl na Ka *aoM KOHaeHcarope b 
oraeabHocm B 3 TOM aapHanre 3HeprH* 3ae,opHHecKHX 3 a pJ .aoB. BupaooraHHa* 
reHepaTopoM 3 apjuoB, Hcnoab3yeTcs c HaH6oabiuert 34>o>eia-HBHOcrbio 

TeHepaTop oaeKTpHMecKHx 3ap«aoB mo^kct Obrrb BbinoaHeH b anae nbeaosaeMeHTa. 
TpH6o3neMeHra npuBjiewTeabHO raidce HcnojiuoBaHHe raKoro npa^HnecKH 
HencMepnaeMoro no cmkocth reHeparopa ^jieiapHMecuoc sapwos c BbicoicHM 
Ji^rp^ecKHM noTtH UHa_iOM, k3k Hanpuwep. pjunoaicTMBMbiM hctohhhk 3apa*eHMbix 
sacTHu. KOiopwH mojkct OMTb BbmoaneH b BHae KOHaencaropa . oana ooicaaaKa Ko-ropon- 
coaep>KKr paaHoaKTHBHbiH MarepHaji HaaynaioinHH 3ap«*eHHbie 3-HacTHuw, a apyra* 
ooKaaatca cayacHT hx tcoaaeioopoM. 

Ha* nocaeaHHx BMaa reHepa-ropoB iaexTpMHectoix sapnaos npoH3Boa*T 3ap»a 
cpaBHHTG/ibHO MeaaeHHO, no3TOMy p«a npeo6pa30BaTe.iefi 3HeprHH sapaaoB. omicaHbix 
Bwuie. ueaecoo6pa3Ho aonoaHKTb (fropMHpoBareaeM Koporwa HMnyabcoB, BunoseHHUM 
Me*ay BbixoaoM reHepaTopa 3aeiapnMecicnx 3apaaoB h Bxoaow npeo6pa30BaTe.-u 3Hepr H H 
3Jieicrp»HecKMx 3ap>iaoB, BunojiHeHHUM noaooHo nuopupsaHoii Tpyoice aiioo b B nae 
noaynpoeoaHHicoBoro noporoBoro saeMem-a, HanpuMep, THpHcropa. 

Kpamnoe onucanue ipiuyp tepmexteu. 
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*»r 1 - wok cxe.Ma. ycrpoHcraa ^ nmiHHX ,, e K-ipoHHbnc cwcre. a kotodom 
pea,H3 0B aH^ 3MMeHHb.il cnocoo nm H M 3flein poHHb D c CHCTeM BMWMaiou|llfl 
npeoopa30BaHHe h HaKoruieHHe saeiopHMecKHx 3ap»ao8 

* H r2a - ycrpoHCTBo uu n*™** djkktpohhux chc^m. b kotopom npeocpaaoBareab 
3HeprnH sapsaoa BMnoJiHeH Ha ochobc noHiocaioiaero xpaHc^pMaropa. 

Ow.26 • ycrpoHCTBo an* nHTaHM* -^eicrpoHMwx cacreM. B koto P om 
npeoopaaoBarcu 3 H eprHH 3 ap«aoB Bbmo^eH Ha ocHoae noHHttawtnero rpaHc^pMaxopa, 
aono/THeHHoe noporoBbiM 3aeMeHTOM. 

Ohp.3 - aapwaHT ycrpoficTBa xth nHraHH* saetopoHHMx cxeM. b koto P om 
npeoopaaoaaTOib 3HeprHH 3apaao B BbinojweH na ochobc noaynpoBoaHHKOBOH opyvrypb. 

Our 4 - ycrpoHCTBo aa* nHTamw saeKTpoHHbu cxeM. b kot OP om npeoopasosaTwib 
3HeprHn 3ap»aoB BbinoaHeH Ha ochobc 5aTapen KoaaeHcaTopoB 



ripednoHnwme.ibHue aapuanmu ocymecrruLienuM uioopemeniuL 

Ka K nokasaHO H a aW 1. ycrpoficnio aas ntrraHH* saeicrpoHHMX chctcm coaepxirr 
reHeparop I 3apaaoB, auxoa Koroporo noaicuoHeH ko Bxoay npeoopasoBaTca* 2 3 H epr H H 
3ap*aoB, a Bbixoa npeoopaaoBaTejw 2 noawnoieH ko axoay HaKonHreaa 3 3apjiaoB. Bbrxoa 
Koroporo «BjwieTC5i BbrxoaoM ycTpoHCTBa 

HaKonHTejib 3JieiopHMecKHx 3apsaoB. Mo*er 6brrb BbinoaHCH b BHae 3JieinpHHecKoro 
KOHaencaTopa, a TaicKe oonee cao*Hoii cncre.Mbi. BKjuoMatouteii aK^wjurropHwe 

HaKOnHTCIH C rajlbBaHHMeCKHMH HJ1H CVnepHOHHblMH 3JieMeH"T3MH 

ComcHo 4>Hr.2a ycTpoftcTBO aju nHTaHH* saeKTpoHHbix chctcm. b kotopom. 
npeoopasoBaTeab 3He P rwH sapjuoa coaepaurr TpaHC^opviaTop 4, nepBHHHa* oomotks 5 
KOToporo ™jueTca bxoaom npeo6pa30Ba-re;ui, a btophmhjw ooMorica 6 coejiiHeHHaa c 
BbinptiMHTejicM 7, o6pa3yeT Bwxoa ynoMjHyroro npeoopa30BaTeaju cocohhchwh c 
HaKonHTejibHbiM KOHaeHcaTopoM 8, KOTOpbiii aaaaerca BwxoaHbiM iacMCHTOM >Ka3aHHOro 

90 yCTpOHCTBa. 

Ha <J>Mr.26 M3o6paxeMo ycTpoHCTBO aaa nHTanwi 3aeKTpOHHbu chctcm, 
awnoaHeHHoe no cxeMe, npeacraBaeHHOH Ha <|>Hr 2a, h aonoaHesHoe noproBWM saeMeHTOM 

9 



B ycTpoHCTB r . aaa nm-amm saeicrpoHHMx chctcm coraacHo 4>Hr 3 npeoopa30BaTenb 
3HeprHM 3apaaoB bwhojihch b Bane no.iynpoBoaHMKOBOii crpyicrypbi, MMooweii noaaoacKy 
10 n-THna, c 3nHTaKCHaabHWM caoeM 1 1 p-THna. B 3nnTaiccHaabHOM caoe 1 1 oJxjpMHpoBaHbi 
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WnP " W "° U " fl ^OHTaKT i:. 3bl no, H eHH bI n b s,o c p., nepex0J , „ 0MM4ecKHrt KQHTiKT ( , 
,2 „ 13 oopaav^ BX0J >TOMWfyrore ,^ pa30B _ s BuxoaHo ^ 
HaKonHTejibH*biH KOH^Hcarop 8 v.a3aHHoro vcrpoHcraa co^en ojhhm 8wbo ,om c 

:oo noa,o>KKOH 10 h apyr HM 8WBOaoM He pe3 s.np,*^ 14 c B . npsMJUUOU1MM p 
Ha *„ r .4 npeacTaB/ieHo ycrpoHCTBo *u, n^HK, ^.opoHHux cue™, a koto P om 
npeoopaaoaaTe,. 3H eprHH 3ap„aoa. coaepxawH* naocp „ n M hh«o.wx ko HaeHcaTopoB 
15, c no.MombK) ycrpoHCTBa KOMMvrauKH .6 M P *er obm, Tp MC *opMHpo.aH s coop-cy c 
nocnwo.^.HUM coc^hhchhcm w « KonaeHcaropoB. Koraa ace 

205 nepeaeaeHb, a noaoaceHHe I. , H 6o b coopKy c coe.HHeHHeM KOHaeHcaropoa 

Kor,a see KOMMvraropb, nepeaeaenb, a nono«M„e H K bmxoav vnoM.Hyroro 
npeoopaaoaaTe,,. nepe: ...np^ ,4. , 0 ^K>He H b^hoh Ha.on^bHb,* 
KOHaeHcaTop 8. 

B cooraercBMH c 4>„r I npeoopuoBamie Heo.ieKTpiiHecKofi 3Hepn», . ^ewpHMeacyw 
210 3Hepr„» ocyiuecrwunor c homou^ renepaxopa 1. KOTopba, Bbmo.HeH c bo3mo*hoct«o 
npo^aoacraa 3,e,crp«vecK M x ^os q c bucokhm xiewpHHecKHM norcimMOM Uin 
Bb.paooraHHb.e reHcpaxopoM I jap** q nocrynaior na axoa n P eo6pa 3 oaaTe. W 2 DHeprHH 

3a P „ fl 08, KOTOpb,fi BbinOilMeH C B03M0*H0CTb,O VBCIXMCHKU HCXOAHOPO KO.IHMeCTBa 

3ne CT pHsec,cHx aapaaoa h norn^n, hx 3 „errp.HecKo ro noreHUMa,a «a auxoae 
2.5 npeoopaaoaare^ 2 3 ap Wl b 1 Q c auxoaa npeoopuoaa™ nocmuwT Ha 

exoa HaKon™, 3 3thx japwos. Koropbm nrpaer po,b Bb«oaHoro oyq^epa ycrpoHcraa 
a« nHTaHHJi 3 ,e.crpoHHb ( x chcwm m nteaHUHMCH jju HaxoruieHmj h xpaHenm, 
3ne,apHMecKHx 3ap W0B Bbncoa HaKonHTcui 3. k3 k y*e oTMeMajiocb, aa^erca buxouom 
yopoHCTBa mm nHTamu 3JieicrpoHHbrx chctcm 
220 npeoopaJOBare^H 3jieKTpMHecKOM 3H eprm, yerpoiicrBa i u mrraHH* 3 .ieinpoHHbix 

CHcreM, no <p M r.2a h <j> M r.26. paooraiOT b KMny/ibCHOM pe*HMe Emh aja H BH3auH* 
renepaTopa 1 3ap W a fi P hboaht k oopajOBaHmo Bb.coico3HepreTHMecKoro TOKoaoro 
HMnyjibca, to np H noaane xaxoro tokobopo HMiryjibca a nepBHHHyx) ooMoncy 5 
Tpa M c(|)opMaTopa 4 ojuroaap* weinpoMariiHTHOfi rpaHopopMauMH 3Hepr HM MMnyiiwa bo 
J25 BTopHHHofi o6motkc 6 TpaHcqtopMaTopa 4 HaaoaHTCn HMnyabc MeinpoMiucyiueii ckhw 

OZIC). nOCKO^bKy HMQO 8MTKOB BO BTOpUHMOM OOMOTKC 6 MCMbWe. H6M SMC.IO BMTKOB 8 

nepBHMHofi ooMOTKe S, to aMjurryaa 3flC ao sropHMHOfi oomotkc 6 6y fl er MeHbiue, new 
aMiuitnyaa BxoaHoro HanpmceHiu. a a M ruimyaa tok3 bo btophmhoh oomotkc oyaeT 
npeBwuiaerb aMiwinyay tow b nepBHMHOH o6motxc 5 TaKMM oopasoM, nojiHuft 3ap«a Q a 
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noM BTopHMHOM HMiryjibce no/iynaerca oo.ibiue, hcm 3 apaa q. sacioHeHHWH a nepsHMHOM 
HMny.nbce, HCxoaaiueM ot renepaTopa 3apjua. noc;ie BbmpavueHH* btophmhoto TOKOBoro 
HMny-ibca Ha aBvxnojiynepHoaHOM BbinpsMvrrejie 7 ero 3ap« Q HaKarumBaeTca Ha 
HaxonHTCJibHOM KOHiieHcaTope 8 

Ecjih axTHBH3auv« reHepaTopa 1 3apanoB He Moacer ooecneHHB<m> KopcrrKoro 
BbicoK03HeprermecKoro HMnyjibcaTOKa, to hcooxoahmo Hcno-ib30BaTb noporoBbm xieMeHT 
9. coeziHHeHHbiH noc^eaosaTe-ibHO c ouhhm H3 bwbohob reHepaTopa 1 3ap$ua h ozihhw h3 
bwboaob nepBHMHOM oomotkm 5 HMny^bCHoro TpaHC^opMaTopa 4 (<j>Mr.26). B 3tom cxeMe no 
$Hr.26 HMnyjibc TOKa b nepBHHHOH ooMOTKe TpaHc4>opMaTopa oopa3yerca b pe3y:rvraTe 
nepeionoHeHH* (npoooa) noporosoro jnevieHTa 9 npn npeBbiweHHH Ha hcm Ha/ipA*eHM* 
Bbiuie onpezie.ieHHOH Be;TMHHHbi 

IloporoBbtH 3,ievieHT b 3toh cxevie MO/Ker 6biTb 2Hno;iHeH b Biue Tpyowu c 
ra3opa3pj?HHb!M npoMeacvTKOM .in 60 no-iynpoBOHHUKoaofi CTpvKTvpw. nanpuMep, 
TupHcropa. 

BapwaHT no (Jwr.Zo oyaeT BecbMa 34><}>eKTHBHbiM npw Bbino/iHemui reHepaTopa 1 
3apjtaa b Bnae TpnoooiieMeHTa mni paaaoaKTHBHoro hctohhhk3 3apH>KeHHHwx MacrHu. B 
rajtHx reHepaTopax 3JieKrpHMeciuiH 3apju h cooTBeTCTByioiUHH noTeHUHaji Ha Bbocoae 
reHepaTopa HaKaannBaeTca cpasmtrejibHO vteoneHHO 

B npeoopa30BaTe-ne 3Hepnw 3apa;ioB ycrpOHCTBa UHTaHRH 3JieKrpoHHbix cucreM, 
BbinojiHeHHOM Ha ocHOBe no.iyi.poBOziHHKOBOM crpvK-rypbi <J)Hr3, Hcno;ib3\eTca 34><})eKT 
naBHHHoro npoooa b nojrynpOBOUHHKax. B ncnojib30BaHHH 3(^^>eKTOB cBjnaHHwx c 
aBT03Jie»apoHHOH yaapHOH HOHH3auneH w siaBHHHbiM npoooeM b no/iynpOBOUHHKax 
[SM.Sze, Physics of Semiconductor Devices, N Y , 1981] 3ajio>KeHbi ooujHpHbie 

B03M05KHOCTH. B COOTBCTCBKM C 3THMM 34>(})eKTaMH iJietCTpOHbi C BblCOKOM 3HepTHeM 

Siiaroaapsi coyaapeH rji m c MoneicyjiaMH cpenw BbioHBaKrr H3 hhx aono^HHTe-ibHbje hocht^ih 
3apaaa, hto npn onpeaejieHHbix yc;iOBHax mokct npnBOHHTb k uenHoft peaKunn hx 
jiaBHHHoro yMHOxceHH* Ha ochobc jiaBHHHbix HeycroHMMBocTeft paooTaiOT Taxne lOBecTHbie 
no^ynpoBoziHHKOBbie npHOopbi icax - TwpncTopbi h JiaBHHonpojieTHbie aHoau 

B ycrpoHCTBe mu nHTaHH* 3JiexTpoHHbix chctcm, BbinojiHeHHOM Ha ocHOBe 
no^nyynpoBOiiHMKOBoro npeoopa30BaTe;u no <J)nr 3, BbinpaMJiatouiMH xoHTaxi 12 coaepacMT 
oopaTHOCMemeHHbiH p-n nepexoa, Ha cmkocth xoroporo HaKaruiwBaerca 3apju q, 
BwpaoaTbiBaeMWH renepaTopoM 1 3apaaa. IlpH npeBbiuieHHH HanpsoxeHMeM Ha p-n nepexone 
BeiiHHHHbi noporoBoro Hanp»)KeHH3i npoHCxoiiHT ero 3JieKTpnMecKHH npooow. 
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;°np„ B o^„,-,„ poweH „ eM , aB „„ b , „ tkn ,, OH . ablpOHHbix nap 4icrt „ epaiH0Be£ _ 
Heches 3ap„a 6v^ „epe, t ,a Tk . „»„ to>hS w , , (w ^ 
Mnrauuw, «. ! I cae.™ aocmoK.o 6o nM „„. T0 T0 , yr,™ nepo ,0™ , j 
mojkct 6bm e—™ «e„ tl ue. ™ T0 , Me ^o M08 H3 clut „„ nerapOMH1(oil , 

OKpecTHocTH K 0H ram 12, B03HHKa(ouiHH waroaapa 
npocTpaHCTBCHHOMy nepepacnpe.e.eHHK> 3-ieicTpMMecicMx noxeHu^OB a cxpyovpe noc.e 
npooo. p-n nepexca Bunp^^ KOKra^a 12 Tok hh^kuhh noiwoxxH 
KOMneHCHpyer tok nepaBHOBecH.x ^ ^ yiQulHX „ KOHTaicra n § ^ 
no^o*™ .0, „ oyaex 3 ap a5 Ka Tb nepea .wnp™™ ,4 HaKormxejtbHbiH KonneHcaTop 8 ao 
3ap«a Q S.aroaap, xoMy, mto ko.hhcctbo HepaBHOBecrnux 3ap W0B . po^Hbu 
.laBHHHbiM npoooeM, bo MHoro P a3 npeBumaer 3apjia q, npe.eap^HHo apo****.^ 
r^neparopoM 1 japm, xaKofi nojiy npoBoanMKOBbiH npeoopasoBarenb oyaex paccmb ^ 
y.MHoxcuTejib 3 ap«a q Ka K y*e vn 0 M„„a,oc, oo.acrb p-n-nepexoaa KOHxarra .2 «o*ex 
Ob, Tb Bbl no,He H a b anae hhoh nojiynpoBOaHHKOBOM crpyKrypb,, H anpH M e P , M .«HHoro 
no^ynpoBO^HHKOBOro anon,. xpaH3HCT 0p a hhh xHpncxopa. OcHo B „oe xpeooaaHHe k ttoh 
cnpy-cxype coctoht b tom, mtoom ee B xo flH a* eMxocrb 5bU » 6b, cpaBHHxe^no ^ m 
noaBo^o 6u HaKon^s 3ap,ui or reHepaTopa 3 ap W0 B c bucokhm noreHu^oM h noce 
npe.uu.eHH> HeKOxoporo noporoBoro Hanp** e H„, cpopMnpoeaT. MMnw.bc roxa npooo, 
otoh crpyrrypb. c oopaaoBaHne.v npouecca .ia B MHHoro yMHo*eHn« Hocm-e^H 3ap„ fl a 

B ycrpoH.-TBe iuw nnxaHn* 3 neinpoHH W x c».cr e .v,. noKaaaHHOM Ha 4> Mr4 . 
np.o6pa30BaTe.ab 3„eprHH ^ a0 s ocHoaaH na KOMMyraunH Haoopa M eMeimpH« 
h hj ko Boyi b TH bix KOHjieHcaTopoB 15 CMKocTbK) C h peanwyer npocroS cnocoo 
npeo6pa30Ba„H* ee^MHHb, hcxohhopo 3 a pJ uaq. Bb ( pa6aTb. B aeMoro renepaxopoM 1 3apwa 
n P M nocjieflOBtrejibHOM coeaHHeHMH KOHaencaxopoB IS ( B ce KOMMyraropb. 16 ycraHOB^Hb. 
b nono*eHHe I) oomn* bxohh** eMxocrb npeoopaMBareju Majia H onpeaejuero. Kax 
CinO/n, rut C - enxocxb Kaauwro KOHjieMcaxopa 1 5. a n - KO^HHecrao KonaeHcaxopoB 15 8 
npeo6pa30Ba T we. Ecjih reHeparop 1 3 ap«a Bb.pa6ox<u, Heoojibiiiyio nopmoo sapwa q, to 
Hanp*KeHHe na sxoae npeoopaaoaare^ 6 yJ er oojibuiMM h onpeaevwercji k 3 k Uin-nq/'C. n P n 
rroM o^aroaapa noc^eaoBare^bHOMy coejHHeHHK) Kaambifi oxaejibHWH KOHMHcaxop 15 
oyaer 3 ap**eH oaHHaxoBbiM 3apwo M q n P H nocjieaywiaeii ycraHOBKe acex KOMMyTaropoB 
16 b nofloxeHHe U bc« KOH^eHcaropb. 15 cowwhwotcji napajuie^bHo. TaKoe napsjuicuHoe 
coenHHeHHe KOHaeHcaxopoa 15 oyaer HMexb eMxocrb Cout=nC, a sapiu ^roii cmkocxh oynex 
paaeH cyMMe 3apwoB Bcex KOHjeHcaxopoB 15, x e. ae^HSHHe Q=nq. BejiHMHHy Hanp««(eH»«. 
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oopa3>iomero« na e b ,xoae n H eo6pa3oeaTe^ mo *ho onpe,e,H Tb K aK 
L'out-Q/Cout-q/C-Uin/n. TaxnM oopa30M, crpymypa .eaer c*6* K ax vmho*^ b n pa3 
3ap Ma q. npo M 3BOHHMoro .-HeparopoM 1 3 ap Ma , c oaHoapeMCHMbiM noHHxccHMeM a n pa3 
ero noreHUHajia na buxom npeoopaaoBaTai*. HaxoruieHHe 3/ 1 e,crpHHec l o« 3ap^OB ot 
HccKOjibKHx noaienoBaTeiibHbix ajcroB renepauHH 3^ ei cTpHMecKHx aapuoB nocpeacrsoM 
renepaxopa 1 aapwoa nponcxoaHT na HaKonnTCJibHOM KOHaeHcaiope 8 noaicjiiOHeHHOM k 
Bwxouy ynoM*Hyraro npeo6pa30BaTe:w, nepe3 Bbinp*MHTe;ib 14 

KoMMyraropbi b npeoopaaoaaTMc Ha <J)Hr4 Moryr 6brrb BMnojmeHw KaK c 
MexaHHMecKHM ynpaa^eHHeM, ra K h c Hcno;ih30BaHneM 3JieKrpoHHbix cpencrB KOMMyrauHH. 

[IpueedeHHtue euwe npuMepn sHnoxaeHu* cnocoda u ycmpoucms da* numanu* 
i-iexmpoHHUx cucm&n Ma.i*tomc* auiuh wwcmpoHueu u hu s Koeu M epe ne 
oepanuHueaem o6be.ua uionnementm, xapaKmepuiycHoco <pop.Hy.wu uioopementm. 

fJpOM bi UL1 6HHQJI npilMeHUMOCtnb. 

3 10 taoopereHHe TaK*e aaeT B03MO»Hoerb 3<t><J>eieriiBHoro Hcno;ib30BaHH* h HaxonjieHHfl 

■j-iemrpimecKOM 3HeprHH ot t*khx hctohhmkob k 3 k nbe303 J ieKT P HMecKHe m 
TpH6o3iieKTpMHecKMe npeoopa30BaTe^H MexaHHHecKOH 3HeprHH, pajuioaicrHBHbie hctohhhkh 
iap»>KeHHbix nacTHu, a xaicace ot hhux rehepa-ropOB 3;ieKTpHMeciotx japanoB 

IlpHMeHeHMe ycrpOHCTB nHTaHHfl, cooTBeTCTBytowHx ..aHHOMy H3o6peTeHHK>, 
315 nanoojiee 3<J)(J)eKTHBH0 b aBTOHOMHbix 3^eK-rpoHH^\ aicre.M^ c KpaTKOBpeMeHHbIM 
noTpeo^eHHeM 3/ie top h nee Koro imraHH*, TaKHx KaK, Hanpwwep, 3JieKTpOH Hbie 3aMKH. 
CHKTWBaioiuHe ycrpoHCTBa iw 3JierrpoHHb(x tcapT, xa*bicyjurrapbi, nopraTHBHue 
nepeaaTHHKH CHrHa/iOB nMcraHUHOHHoro ynpaBjieHH*. ceHcopHbie ycrpoHCTBa, h t n. 

Sjiaroflapa M3o6pereHMio, paanoaKTHBMbie reHepaTOpbi 3 ap»ziOB MoryT 6biTb 
34>(J)eKTHBHO Hcnojib30BaHbi mia aojiroBpe.weHHoro nvrraHH^ 3;ieKTpoHHbix chctcm. He 
no3BOJiJiK)iuHX sacroro cepBHCHoro cwkjiyxMBamis, TaKHx Kax, HanpHMep, cepaenHbie 
cTHMyn^rropw, HaBurauHOHHbie paaHOMa«KH, cmctcmw cirrHajijoauHH h onoBemeHH*. 

H3o6pereMMe no3BOJi*er co3aaBaTb chctcmm HaKoruieHH* sjieicrpMHecKOH 3HeprnM 
rryreM 3<t>4>eKTHBHoro npeoopa30BaHH* MexaHHHecKOH 3HeprHH ot TaKwx HeHcnepnaeMbrx 

npupOAHbOC HCTOHHHKOB MexaHHMeCKOH 3HeprHH KaK 3HeprHi? BCTpa, 3HeprH* MOpCKHX BOHH. 

3Heprnji npmiHBHboc reneHMH 
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<t>OPMV^A HJOEPETLHHfl. 

1 Cnocoo nHTSHHH 3 ,e^p 0 HH b ,x cHcrtM. BKjitoHatouiHH npeo6pa3os a HHe 
Heo.e^^ecKor, 3 „epr„H a ,^ tCKyw 3HeprHW „ 

n» T a HtW 3 ,e^OHH W x cncxeM, tcm, 4TO npeoopaaosanHe 

HeojieicrpHMecKOH 3„eprHw a 3^,^ 3Hepn,K> ocymecxa^x nvr* M re „epauHH 

3a PM08 C BblCOKHM SJieKTpHMeCKHM „_ 10M . . nepej 

3^„hcck,« 3a PW oa npo „3Bo^ npeoopaaosaHne 3Hepn,„ MpM0B . conpoao^eec, 

yBe ~ M KOJIHMeCTBa HCXOUHblX 3 JIeKT p M X ^OB H nOHH/KeHHeM HX 

3-ieKTpHwecKoro noTeHiwajia. 

2 Cnocoo no n 1. om^a.u^ xe.v, , T0 npeoopaaoaaHHe He3 fl errpMHec«,fi 
3«pn,„ b M « OT p„HecKyK, ocymecxa^r nocpeacrsoM n b e303,e CT p„HecKoro 
npeoopa30BaHn^ 

3 Cnocoo no n 1, o m ,,„a«> m „c» xeM. wto npeo6pa30BaHMe He3,eKTo, ( sVcK- 0 n 
3Hepr M H a 3jieKTptiMecicyio ocymecxa^x nocpeacxaoM xpnoo^K-xpHHeccoro 

npeoopa30BaHJw. 

4 Cnocoo no n 1. om.v.ua^uucn xe M . hto b KaHecrae 3ap* fl0 B c BbicoK.n, 
3JieKTpnMecKHM noieHUMMOM Hcno„b3y,ox B W coK03HeprerMvecKHe 3ap^eHH b ,e Hacx„u b , 
BOSHitKaroiuMe b pesy.bxaxe paanoaKXHaHoro pacnaaa Betuecxsa 

5 ycrpoftCTBO «, nnT3Hns 3,e.a P OHHon cMcxeMw. coaepacauie, reHepaxop 
3.ie K T P »MecK„x 3ap«aoB, Hcno*b3yK>mm, np eo6pa30BaH„e H«,e,crpH,ecKou 3Hepnu, e 
3.ieKTpnHec kvk) 3Hepr HIO , h MKorotrenb MerrpMHet™ 3ap„a 0 B. Bbfxoa Koxoporo aa^exc 
swxoaoM vcTpoHcraa, o-n-w^ T e M , wro b Hero aaeaeH npeo6 P a30Baxe,b 3Heprwn 
lapwoa, axoa Koroporo no*™™™ k Bbixoay renepaxopa xiewpMHecwc 3ap,aoa. a awxoa 
- ko axoay HucomnuM 3JieKT P HHecKHX sapMOB. np„ 3 tom ynoM*Hyxb,« npeo6p«3oa«r«.b 
8b.no.HeH c BO3MO5KH0CTbio yacHHemu, KOJiHHecTBa MeKip^ecKHx 3a P * fl oa, nocrynaK3uiHx 
Ha ero axoa, h noHn>KeHHK noxeHunajia 3jieirrpHMecK>ix lapuos Ha ero Bbixoae 

6. ycrpoflCTBo no n. 5. omm.anweec* xe M . ^ro reHepaxop s/ierxpHsecKoro upua 
Bbino.iHeH Ha ocHOBe nbe3o 3 jieMeHxa 

7 ycrpoHCTBO no n. 5, omunanwec* xe M . tto reHepaxop 3/ieKxpnHecKoro lapsua 
Bbino.iHeH Ha ochobc xpHoosjieMeHxa 

8. VcxpoHCXBO no n 5, onLiuuanuteec* xe.M. to reHepaxop 3ne.cxp„HecKoro sapua 
Bbino.iHeH Ha ocHoae paaHoaKXHBHoro HcxoHHHKa 3aps*eHHbix nacxHU 
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° Vctdohctbo no nn 5-S. om.ww/ouietcx ievi. htc waKonnTe-b ?.ieK , orinecKux 
3apjuoB BbinojiHeH b Bjue KOHaeHcaTopa. 

!0 YcTpoMCTBO no .ifoooMy H3 nn 5 hjui 6. omjuuaiouieecx Tevt. hto 
npeoopa30BaiMb jHepiMM 3apjuoB BbinojmeH b Biue nomoKawmero ipaHccpopMaxopa, 
nepBHMHax ooMOTKa KOToporo coeaiiHeHa c BbrxoaoM reHepaTopa 3jicicrpHHecKHx 3ap«noB. a 
BTopHHHa* ooMOTKa nepe3 BbinpsMHTe-i b coemiHeHa c HaKonHTe.ieM aneicrpHMccKHx 3apjuioB 

11. YcTpoMCTBO no jikdoomv H3 nn. 5-10, onmmaiouieecR tcm, hto aonojiHwrcjibHo 
coaep»HT (popMHpoBaTe.ib kopotkhx HMn>MbC0B. BK-iK>4eHHbiH MeHov BbixoiiOM reHepaTopa 

3jieKTpMHeCKHX 3ap«^OB H BXOJOM npeo6pa30BaTM« 3HeprHM 3jieKTpHMeCKHX 3ap5U0B. 

12. YcTpoMCTBO no hwoomv H3 nn. 5-9. orwitHcuouteecx tcm, mto npeo6pa30Baie^b 
3Hepnin 3apH^0B Bbino.iHeH b Bnae no/rynpoBOJHHKOBoro npeoopa30BaTe:ia, BxoiiHaa 
oo.iacTb KOToporo. no:iKjiK>HeHHaa k Bbtxoav renepaTopa 3ne*-rpnHecKnx 3apaaoB. 
oopa30BaHa nojiynpoBOUHHKOBort CTpyKTypofi, npeaHa3HaHeHH0tl una HaKonneHua 3apjuoB 
ot reHepaTopa 3-ieKTpitHecKnx 3apsuoB h (popvuipoBamia npouecca iiaBHHHoro npoooa npit 
npeBbiiueHUH noporosoro Hanp*>KeHHa Ha ynoMjiH\TOfi no/iynpoBoaHHKOBofi crpyKType, a 
BbixoaHa^ ooiiacTb nojiynpoBoaHHKOBoro npeo6pa30BaTena oopa30BaHa oSnacrbK) 
pa3ae:ieHHa h HaKon^eHHa BTopwsHbix 3apanoB, oopa3y>omHxc* b pe3ynbTaTe .laBHHHoro 
npoooa. ii coe^MHeHa nepe3 BbtnpHMHTejib c HaKonnre-neM 3/ieKTpHHeciafx 3ap*;ioB. 

13 V'cTpoffCTBO no juooomv H3 nn 5-9, omitmaiotueecn tcm, hto npeo6pa30BaTe,ib 
3Heprnn 3apjraoB Bbino.-meH b Biiae oaTapen KOHjeHcaTopoB. CHaovKeHHofi KOMMVTaunoHHbiM 
ycTpoucTBOM, npeiiHaaHaMeHHbiM ana nepeKjuoneHn* koh neHcaTopOB c noc.ieaoBaTe^bHoro 
coeatiHeHH*, HeooxonnMoro ana HaKorLiemu 3apjuoB ot reHepaTopa 3,neKTpMMecKH\ 
3apHnoB, Ha nocieayjomee napajuiejibHoe coejHHeHue. no3BOiifltomee cyMMHpoBaTb 3apanbi, 
HaKonjieHHbie Ha KaxcaoM KOHaeHcaTope, c oaHOBpe.steHHbiM nomiweHHeM noieHuna-ia sthx 
3apwoB Ha Bbixoae npeo6pa30BaTejia 
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(57) Abstract 



The present invention relates to a method and an apparatus providing autonomous power 
supply to electronic systems by means of converting the energy from non-electric sources into 
electric energy with charge generators. Examples of charge generators suitable for such 
apparatus include piezoelectric elements, triboelectric elements, and radioactive sources of 
charged particles, which do not require periodic replacement or recharging, unlike the 
conventional electric power sources such as galvanic batteries. When a charge generator (1) is 
activated, it produces a group of electric charges q with a high electric potential Uin, which are 
fed to the input of a charge energy converter (2). The converter (2) functions to increase the 
initial value q of the charges up to a value Q, while decreasing their potential to a value Uout 
which is lower than Uin. An electric charge accumulator (3) is installed at the output of the 
apparatus to accumulate the charges Q produced by the conversion, which are required for 
supplying power to electronic systems. 
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METHOD FOR POWER SUPPLY TO ELECTRONIC SYSTEMS AND APPARATUS 

THEREFOR 



Technical Field 

The present invention relates to means for autonomous power supply to electronic 
systems, in particular, to a method and an apparatus for power supply to microelectronic 
circuitry. 

Prior Art Technology 

Owing to recent progress achieved in microelectronics, some of electronic microcircuits 
(for example, CMOS) employed for small-scale calculations require a very small amount of 
electric energy. For this reason attempts have been made to provide autonomous power supply to 
such microcircuits, for example, by installing ultrasmal] galvanic power sources in the 
microcircuit housings. 

A limited service life of galvanic sources is a drawback of such apparatus. 

Accordingly, it seems inviting to abandon the galvanic power sources that have a short 
service life and to use miniature devices converting the energy of non-electric sources into 
electric energy to obtain small electric charges sufficient for short-term power supply to an 
electronic system. 

For example, a method and apparatus are known which arc designed to supply power to 
an electronic system by means of an induction generator comprising a step motor (US Patent No. 
5,061,923, CI. H 04 Q 9/00, 1991). This apparatus for power supply to an electronic system uses 
mechanical rotation of the motor, which makes it possible to induce an electric voltage sufficient 
to supply power to the electronic system on the stator winding output. Such mechanical 
movements are, however, unsuitable for some apparatus. Moreover, a comparatively large size 
and high cost of the motor limit the application of such power source. 

A method and an apparatus for generating current pulses for activating a light-emitting 
diode are also known (US Patent No. 4,595,864, CI. H05B 37/02, 1986). In this apparatus, a 
piezoelectric element subjected to a mechanical impact generates a current impulse which is 
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converted by a pulse transformer into a current pulse required to activate a light-emitting diode. 

» 

In this apparatus, the impulse transformer is a single circuit clement and it serves as a matching 
element required for an effective passage of a current pulse from the piezoelectric element 
having a high input impedance to the light-emitting diode having a low input impedance. 
However, this known apparatus is not designed to accumulate electric energy produced by the 
piezoelectric element, such accumulation being required for stable power supply to electronic 
systems. 

In terms of technological essence the closest to the present invention is a method for 
power supply to an electronic system comprising convening non-clcctric energy into electric 
energy and accumulating the electric charges supplying power to the electronic system 
(European Patent No. 0725452, CI. ft 01 L 41/1 13, 1996). An apparatus for supplying power to 
an electronic system, which is employed to implement the above-mentioned method, comprises a 
generator of electric charges using the piezoelectric conversion of mechanical energy into 
electric energy and an accumulator of electric charges whose output is an output of the apparatus. 

However, these known method and apparatus have poor efficiency in supplying power to 
electronic systems. This is because the piezoelectric elements, unlike the galvanic sources or 
induction generators, are electric charge generators rather than e.m.f (potential) sources. 
Moreover, the value of charge produced by the piezoelectric element is determined by a single 
external mechanical effect, whereas an electric potential appearing at the output of such charge 
generator is directly proportional to the amount of this charge and inversely proportional to the 
output capacitance of the generator. In particular, piezoelectric elements make it possible to 
obtain small charges with a very high electric potential of several thousands of volts. Such a 
high-voltage source cannot be used for direct power supply to low-voltage electronic system 
such as microelectronic circuits. The direct connection of a buffer load capacity to the 
piezoelectric element with the aim of accumulating a charge thereon, which is required for 
supplying power to a low-voltage electronic system, is not effective because a charge produced 
by the piezoelectric clement in one cycle is very small and, therefore, multiple and, accordingly, 
long-term mechanical actions upon the piezoelectric element, that is, multiple mechanical 
pressure applications of impacts on the piezoelectric element are required to accumulate a large 
charge (this is realized in the mechanism of the apparatus of European Patent No. 0725452, Cl. 
HOI L 41/1 13, 1996). 
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Disclosure of the Invention 



The object of the present invention is to provide a method and apparatus for power 
supply to electronic systems, which make it possible to increase significantly the efficiency of 
electric power sources based on devices for conversion of energy produced by non-electric 
energy sources into electric energy. 

Accordingly, the present invention relates to a method for power supply to an electronic 
system comprising the conversion of non-electric energy into electric energy and accumulation 
of the required amount of electric charges for power supply to electronic systems, wherein, the 
conversion of non-electric energy into electric energy is conducted by generating electric charges 
with a high electric potential, converting the energy of the obtained charges in such a manner 
that the amount of electric charges is increased and their electric potential is decreased, and then 
accumulating them at the output of the above-mentioned power source, for the purpose of power 
supply to the electronic system. 

The conversion of non-electric energy into electric energy in particular, mechanical 
energy into energy of electric charges having a high electric potential, can be conducted by 
means of piezoelectric or triboelectric conversion. 

Another attractive approach comprises the utilization of high-energy charged particles 
generated in radioactive fission as the charges with a high electric potential. 

In accordance with the present invention, the apparatus for the implementation of the 
above-described method for power supply to electronic systems comprises an electric charge 
generator converting the energy of non-electric sources into electric energy of charges with a 
high electric potential and an electric charge accumulator, this apparatus additionally comprising 
a converter which converts the energy of these charges, the input of the converter being 
connected to the charge generator output, and the output of the converter being connected to the 
input of the electric charge accumulator whose output is the output of the apparatus. The charge 
energy converter is adapted to increase the amount of the initial electric charges supplied to its 
input from the charge generator and to decrease their electric potential. 

The possibility of achieving the above-described technological result can be illustrated 
based on the condition of compliance with the energy conservation law applied to the electric 
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energy conversion in accordance with the present invention, which can be represented, in an 
ideal situation, as q*Uin = Q*Uout, where q and Uin are a charge and potential thereof, 
respectively, at the charge energy converter input, and Q and Uout are a charge and potential, 
respectively, at the converter output. This condition suggests that in order to increase the amount 
(multiply) of charges at the charge energy converter output, i.e., to satisfy the condition Q > q, it 
is necessary that the potential at the input of the above-mentioned converter Uin exceed the 
potential at its output Uout. The condition Uin > Uout can be easily realized technologically 
because the potential of charges produced by charge generators such as piezoelectric or 
triboelectric elements, arc inversely proportional to intrinsic or load capacitance and can be as 
high as several thousand of volts, whereas the potential required for power supply to electronic 
circuits, in particular, microelectronic circuits, is as low as several volts. The efficiency of charge 
multiplication process will be determined by the efficiency of the above-mentioned converter 
with respect to a process of transferring the electric energy of the initial charge from the 
converter input to its output. 

The electric charge accumulator in the apparatus in accordance with the present invention 
can be in the form of an electric capacitor. 

In one embodiment of the apparatus for power supply to electronic circuits, the charge 
energy converter is in the form of a reducing transformer whose primary winding is connected to 
the output of the electric charge generator, and its secondary winding is connected to the electric 
charge accumulator via a rectifier. Such converter is especially effective when the charge 
generator produces short high-energy current pulses. 

In another embodiment of the apparatus for power supply to electronic circuits, the 
charge energy converter is in the form of a semiconductor converter whose input region 
connected to the electric charge generator output is formed by a semiconductor structure 
designed to accumulate charges from the electric charge generator and induce an avalanche 
break-down process when the threshold voltage on the semiconductor substrate is exceeded, and 
the output region of the semiconductor converter is formed by the region serving to separate and 
accumulate the secondary charges formed as a result of the avalanche break-down and is 
connected to the electric charge accumulator via a rectifier. The input region of the 
semiconductor converter can be formed by various structures, for example, by an inversely 
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biased p-n junction or other diode-type structures, as well as by a transistor or thyristor structure, 
which will provide-for a faster avalanche multiplication of electric charges. 

The energy converter can also be in the form of capacitor stack equipped with a 
commutation apparatus designed to switch the capacitors from the connection in series required 
to accumulate charges from the charge generator to the subsequent parallel connection allowing 
the decrease in the charge potential and the converter output, while using the entire charge 
accumulated in each capacitor. In this embodiment, the energy of electric charges produced by 
the charge generator is used with the highest efficiency. 

The electric charge generator can be in the form of a poiezoelectric or triboelectric 
element. Another attractive approach is to use a radioactive source of electric particles that is a 
generator of high-potential electric <Aarges with a practically inexhaustible capacity. Such 
radioactive source can be in the form of a capacitor having one plate containing a radioactive 
material emitting charged S-particles and another plate as a collector for these particles. 

The electric charge generators of the two latter types produce charges at a relatively low 
rate. Therefore, it is preferred that a scries of charge energy converters described above be used 
in combination with a short pulse former connected between the output of the electric charge 
generator and input of the electric charge energy converter and designed similarly to a gas- 
discharge tube or in the form of a semiconductor threshold element such as a thyristor. 

Brief Description of the Drawings 

Figure 1 is a block diagram of the apparatus for power supply to electronic systems, 
which implements the claimed method for power supply to electronic systems comprising the 
conversion and accumulation of electric charges. 

Figure 2a is an apparatus for power supply to electronic systems, in which the charge 
energy converter is based on a reducing transformer. 

Figure 2b is an apparatus for power supply to electronic systems, in which the charge 
energy converter is based on a reducing transformer, this apparatus additionally containing a 
threshold element. 

Figure 3 is an embodiment of the apparatus for power supply to electronic systems, in 
which the charge energy converter is based on a semiconductor structure. 
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Figure 4 is an embodiment of the apparatus for power supply to electronic systems, in 
which the charge energy converter is based on a stack of capacitors. 

Preferred Embodiments of ihe Present Invention 

As shown in Figure 1, the apparatus for power supply to electronic systems comprises a 
charge generator 1 whose output is connected to the input of a charge energy converter 2. The 
output of converter 2 is connected to the input of charge accumulator 3 whose output is an output 
of the apparatus. 

The electric charge accumulator can be in the form of an electric capacitor or a more 
complex system comprising battery accumulators with galvanic or superionic elements. 

In the apparatus for power supply to electronic systems shown in Figure 2a, the charge 
energy converter comprises a transformer 4 whose primary winding 5 is the input of the 
converter and whose secondary winding 6 connected to a rectifier 7 forms the output of the 
converter connected to a storage capacitor 8 which is an output element of the apparatus. 

Figure 2b shows the apparatus for power supply to electronic systems having a structure 
shown in Figure 2a and additionally containing a threshold element. 

In the apparatus for power supply to electronic systems shown in Figure 3, the charge 
energy converter is in the form of a semiconductor structure having an n-type substrate 10 with 
an epitaxial p-type layer 1 1. A rectifying contact 12 in the form of a p-n junction and an ohmic 
contact 13 are formed in the epitaxial layer 11. Contacts 12 and 1 3 form the input of the above- 
mentioned converter. The output storage capacitor 8 of the apparatus is connected by one lead 
thereof to substrate 10 and by the other lead thereof to the rectifying contact 12 via a rectifier 14. 
Figure 4 shows the apparatus for power supply to electronic systems, in which the charge energy 
converter comprising a set of n identical capacitors 15 can be transformed, by means of a 
commutation apparatus 16, into an assembly in which these capacitors are connected in series 
when all the commutators are set in position I or into an assembly in which these capacitors are 
connected in parallel when all the commutators are set in position II. An output storage capacitor 
8 is connected to the output of the above-mentioned converter via the rectifier 14. 

According to Figure 1, the conversion of non-electric energy into electric energy is 
conducted with generator 1 which is adapted to generate electric charges q with a high electric 
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potential Uin. The charges q generated by the generator 1 are supplied to the input of the charge 
energy converter 2 which is adapted to increase the initial amount of electric charges and 
decrease their electric potential at the output of converter 2. Electric charges Q from the 
converter output are supplied to the input of accumulator 3 which serves as an output buffer of 
the apparatus for power supply to electronic systems and designed to accumulate and store the 
electric charges. The output of the accumulator 3, as was mentioned above, is the output of the 
apparatus for power supply to electronic systems. 

The electric energy converters of the apparatus for power supply to electronic systems 
shown in Figure 2a and Figure 2b operate in a pulse mode. If the activation of generator 1 results 
in the formation of a high-energy current pulse, then when such current pulse is supplied to the 
primary winding 5 of transformer 4,*the electromagnetic transformation of pulse energy induces 
an electromotive force (e.m.f) pulse in the secondary winding 6 of transformer 4. Since the 
number of turns in the secondary winding 6 is greater than that in the primary winding 5, the 
e.m.f amplitude in the secondary winding 6 will be less than the input voltage amplitude, and the 
current amplitude in the secondary winding will be greater than the current amplitude in the 
primary winding 5. Thus, the entire charge Q in this secondary pulse becomes greater than 
charge q contained in the primary pulse supplied by the charge generator. Upon rectification of 
the secondary current pulse in a fullwave rectifier 7, the charge Q of the pulse is accumulated in 
the storage capacitor 8. 

If the activation of charge generator 1 cannot provide a short high-energy current pulse, it 
is necessary to use a threshold element 9 connected in series with one output of charge generator 
1 and one output of primary winding 5 of pulse transformer 4 (Figure 2b). In the structure shown 
in Figure 2b, the current pulse in the primary winding of the transformer is formed as a result of 
switching (break-down) of the threshold element 9 occurring when a voltage applied thereto 
exceeds the preset value. 

The threshold element in this structure can be in the form of a tube with a gas discharge 
gap or a semiconductor structure, for example, a thyristor. 

The embodiment shown in Figure 2b will be very effective if the charge generator 1 is in 
the form of a triboelectric element or a radioactive source of charged particles. In such 
generators, the electric charge and the respective potential at the generator output are 
accumulated at a relatively low rate. 
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An avalanche break-down effect observed in semiconductors is used in the energy charge 
convener of the apparatus for power supply to electronic systems, which is based on the 
semiconductor structure shown in Figure 3, The utilization of effects relating to autoelectronic 
collision ionization and avalanche break-down in semiconductors (S. M. Szc, Physics of 
Semiconductor Devices, N.Y., 1981) offers outstanding possibilities. In accordance with these 
effects, the high-energy electrons collide with molecules of the medium and knock additional 
charge carriers therefrom. Under certain conditions, this can lead to a chain reaction of avalanche 
multiplication of the charges. Well-known semiconductor devices such as thyristors and 
avalanche diodes operate based on such avalanche instability. 

In the apparatus for power supply to electronic systems, which is based on the 
semiconductor converter shown in Figure 3, the rectifying contact 12 comprises an inversely 
biased p-n generator; charge q produced by charge generator 1 is accumulated on the junction 
capacity. A voltage on the p-n junction exceeding the threshold voltage induces an electric 
break-down accompanied by the formation of electron-hole pairs. Some of non-equilibrium 
charge carriers will flow over into the ohmic contact 13, However, if the resistance of epitaxial 
layer 1 1 is sufficiently high, the leakage current via contact 13 can be decreased to below the 
electron injection current from a highly doped n-region of substrate 10 in the vicinity of contact 
12, this cuirent being induced by spatial redistribution of electric potentials in the structure after 
the breakdown of the p-n-j unction of rectifying contact 12. The substrate injection current 
compensates the current of non-equilibrium holes drifting from contact 12 toward substrate 10 
and will charge the storage capacitor 8 to charge Q via rectifier 14. Since the amount of non- 
equilibrium charges generated by the avalanche break-down is many times greater than charge q 
that was produced in advance by charge generator 1, such semiconductor converter will operate 
as a charge q multiplier. As was already mentioned above, the p-n junction region of contact 12 
can be in the form of a different semiconductor structure, for example, an avalanche 
semiconductor diode, transistor or thyristor. The main requirement relating to this structure is 
that its input capacity should be small to allow for accumulation of charges from the charge 
generator which have a high potential and, after a certain threshold voltage is exceeded, to form a 
break-down current pulse for this structure and, at the same time, to induce avalanche 
multiplication of charge carriers. 
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In the apparatus for power supply to electronic circuits shown in Figure 4, the charge 
energy converter iS based on commutation performed by a set of low-voltage capacitors 15 with 
a capacity C t this converter realizing a simple method for converting the value of the initial 
charge q produced by charge generator 1. When the capacitors 15 are connected in series (all 
commutators 16 are set in position I), the total input capacity of the converter is small and is 
determined as Cin = C/n, where C is the capacitance of each capacitor 15, and n is the number of 
capacitors 15 in the converter. If the charge generator 1 has produced a small charge q, then a 
voltage of Uin = nq/C is obtained at the converter input. In this case, each separate capacitor will 
be charged to the same charge q because the capacitors 15 are connected in series. Subsequent 
setting of all the commutators 16 in position II provides for parallel connection of all the 
capacitors 15. Such parallel connection of capacitors 15 will have a capacity of Cout = nC, and 
the charge of this capacitor set will be equal to a sum of charges of all the capacitors 15, that is, 
to Q = nq. The voltage generated at the converter output can be determined as Uout = Q/Cout = 
q/C = Uin/n. Thus, the structure acts as a multiplier which multiplies the charge q produced by 
the charge generator 1 by a factor of n and, at the same time, reduces its potential at the converter 
output by a factor of n. The accumulation of electric charges from several consecutive acts of 
electric charge generation by the charge generator 1 proceeds at a storage capacitor 8 connected 
to the output of the above-mentioned converter via rectifier 14. 

The commutators in the converter shown in Figure 4 can be mechanically controlled or 
electronic commutation can be employed. 

TIw above-described examples of realization of the method and apparatus for power 
supply to electronic systems are merely illustrative and place no limitation whatsoever of the 
scope of the present invention disclosed in the claims. 

Field of Industrial Application 

The present invention also provides for effective utilization and accumulation of electric 
energy from such sources as piezoelectric and triboelectric converters of mechanical energy, 
radioactive sources of charged particles and other generators of electric charges. 

The utilization of power supply apparatuses in accordance with the present invention is 
most effective in autonomous electronic systems with a short-term consumption of electric 
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power, such as electronic locks, reading devices for electronic cards, calculators, portable 
transmitters of remote control signals, sensors and the like. 

Owing to the present invention, the radioactive generators of charges can be used 
effectively for long-term power supply to electronic systems which arc not adapted to frequent 
maintenance, such as heart stimulators, navigational radio beacons, and signaling and warning 
systems. 

The present invention makes possible the development of systems for accumulation of 
electric energy by effective conversion of mechanical energy from inexhaustible natural 
resources of mechanical energy such as wind, wave, and tide energy. 

* Patent Claims 

1. A method for power supply to electronic systems comprising converting non-electric 
energy into electric energy and accumulating electric charges for power supply to electronic 
systems, characterized by the fact, that the conversion of non-electric energy into electric energy 
is conducted by generating electric charges with a high electric potential and converting the 
charge energy prior to accumulation of the electric charges, this conversion being accompanied 
by the increase in the amount of initial electric charges and reduction in their electric potential. 

2. The method as described in Claim 1, characterized by the fact, that the conversion of 
non-electric energy into electric energy is conducted by piezoelectric conversion. 

3. The method as described in Claim 1, characterized by the fact, that the conversion of 
non-electric energy into electric energy is conducted by triboelectric conversion. 

4. The method as described in Claim 1 , characterized by the fact, that high-energy 
charged particles produced by radioactive fission are used as the charges with a high electric 
potential 

5. An apparatus for power supply to electronic systems comprising an electric charge 
generator using the conversion of non-electric energy into electric energy and an electric charge 
accumulator whose output is the output of the apparatus, characterized by the fact, that it 
additionally comprises a charge energy converter whose input is connected to the output of the 
electric charge generator and whose output is connected to the input of the electric charge 
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accumulator, wherein said converter is adapted to increase the amount of electric charges 
supplied to its input and decrease the potential of electric charges at its output. 

6. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a piezoelectric element. 

7. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a triboelectric element. 

8. The apparatus as described in Claim 5, characterized by the fact, that the electric 
charge generator is based on a radioactive source of charged particles. 

9. The apparatus as described in Claims 5 to 8, characterized by the fact, that the electric 
charge accumulator is in the form of a capacitor. 

10. The apparatus as described in any claim of Claims 5 and 6, characterized by the fact, 
that the charge energy converter is in the form of a reducing transformer whose primary winding 
is connected to the output of the electric charge generator and whose secondary winding is 
connected to the electric charge accumulator via a rectifier. 

11. The apparatus as described in any claim of Claims 5 to 10, characterized by the fact, 
that it additionally contains a short pulse former connected between the output of the electric 
charge generator and the input of the electric charge energy converter. 

1 2. The apparatus as described in any claim of Claims 5 to 9, characterized by the fact, 
that the charge energy converter is in the form of a semiconductor converter whose input region, 
which is connected to the output of the electric charge generator, is formed by a semiconductor 
structure designed to accumulate charges from the electric charge generator and induce an 
avalanche break-down process when a threshold voltage on said semiconductor structure is 
exceeded, and whose output region is formed by a region for separation and accumulation of 
secondary charges produced by the avalanche break-down and is connected to the electric charge 
accumulator via a rectifier. 

13. The apparatus as described in any claim of Claims 5 to 9, characterized by the fact, 
that the charge energy converter is in the form of a capacitor stack equipped with a commutation 
apparatus designed to switch the capacitors from the connection in series required to accumulate 
charges from the electric charge generator to the subsequent parallel connection adapted to add 
together the charges accumulated on each capacitor and, at the same time, to decrease the charge 
of these charges at the converter output. 
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